Central or paracentral scotoma is an occasional manifestation of certain space-occupying intracranial lesions. The reason for the development of this defect is not yet clear. Traquair (1946) defines a scotoma as " an area of depressed vision within the field margin surrounded by an area of less depressed or normal vision." Either a depressed area or a channel of varying width may connect the scotomai with the periphery or with the blind spot or with both. Extension of a scotoma to the margin of the field is referred to as " breaking through." When such an extension has occurred careful quantitative perimetry will determine to what extent the central defect predominates in the visual field.
Sudden consciousness of failing vision usually indicates a macular defect, and may bring the patient to an ophthalmologist before pallor of the discs has developed. Bitemporal defects are of gradual onset, and as about 120 degrees of the binocular field remain unaffected the patient's orientation is not seriously disturbed. Hence, except in the case of retrochiasmal lesions when pallor of the disc may never appear, patients whose macular vision is good do not present themselves for examination until they have reached the stage when pallor of one or both discs is evident.
Theories Explaining Scotomatouis Defects
Several theories have been put forward to explain scotomatous defects.
RETROBULBAR NEURITIS Foster Kennedy (1916) , when referring to the syndrome described by Paton in 1909 and by himself in 1911 stated that this consisted of " the occurrence of a true retrobulbar neuritis with the formation of a central scotoma and primary optic atrophy on the side of the lesion, together (if the pressure be sufficiently great) with ipsilateral anosmia and papilleedema in the opposite eye." Larsson and Nord (1947) called attention to the "well-known fact" that the clinical picture of retrobulbar neuritis, consisting of failing vision and central scotoma with or without ophthalmoscopic changes, may be caused by pressure of an expanding intracranial lesion upon the optic nerve in its prechiasmal course. Recently Woods (1948) PRESSURE Jefferson (1945) stated "that we should abandon any further mention of retrobulbar neuritis, a difficult enough pathological concept without invoking it unneceMarily. Clearly the cause of the scotoma and of the optic atrophy is plain compression and most ophthalmologists are agreed about the-special vulnerability of the macular fibres." Kestenbaum (1947) stated, " If the optic nerve is compressed for any reason anywhere in the orbit, in the optic canal or within the cranium, almost always a central scotoma develops. The reason for this phenomenon is still questionable, hypersensitivity of the highly-specialized macular fibres or depleted blood supply (Behr, 1935) have been considered most likely." Peter (1931) wrote, "It is well known that the papillo-macular bundle is more susceptible to toxic or to pressure influence than any other parts of the nerve."
The opinions just quoted imply that pressure on any part of the optic nerve will produce a central It is well known that tumours such as olfactory groove meningiomas which exert pressure on the optic nerve immediately behind the optic foramen tend to be associated with central scotomata. There is however no constant relationship between the incidence of central scotomata and the displacement of the nerve. Jefferson (1937) reported two cases in which an aneurysm was demonstrated just behind the optic foramen. In each case the nerve was acutely raised and stretched over an aneurysm: in one case there was a central scotoma, in the other a hemianopic defect. Perusal of the literature leaves the impression that central scotomata are particularly liable to occur when a tumour is so situated that it either raises or depresses the optic nerve close to the optic foramen. Such pressure at this point pushes the nerve against a rigid structure, the upper or lower edge of the optic foramen. As at this point the macular fibres form an axial core it is necessary to invoke the doctrine of hypersensitivity to explain their involvement.
INTERFERENCE WITH THE BLOOD SUPPLY -OF THE
OPTIC NERVE Traquair (1946) wrote, " Anatomical conditions in connexion with the blood supply probably have an important influence as well as special susceptibility of the macular fibres." He suggested that pressure on the surface of the nerve might disturb the nutrition of the underlying fibres by obstructing their vascular supply, and that conduction interference and optic atrophy might be initiated in this way, rather than by the effect of pressure on the fibres themselves.
Vail (1948) in a review of recent work on the blood supply of the optic nerve states that the intracranial part of the optic nerve is supplied by branches from the internal carotid, the ophthalmic, the anterior cerebral, and the anterior communicating arteries. " The minute vessels penetrate the pia, pass into the nerve tissue, and form the septal network of the nerve." In the axial portion of the nerve " in which the papillo-macular bundle is situated, the septa are thinner and more scarce (the " end-arteries" of Magitot) than in other places, and the individual optic-nerve bundles are thus larger. The nutrition of the papillo-macular bundle is therefore less abundant in the intracranial part of the optic nerve than elsewhere." The intracanalicular portion of the optic nerve is supplied by the ophthahmic artery, and in this portion also the pial network is relatively poor (Wolff, 1948 It is generally assumed that the field defects following optic-nerve trauma are due to tearing of the pial vessels. As the ischemia in these cases might not be unlike that due to pressure on the pial vessels from without by a swelling such as a tumour, a short account of the field defects following trauma appears to be relevant. Hughes (1943) said that he was coming more and more to believe that most field defects were, in fact, due to embarrassment of the vascular supply of the nerve or chiasma as the case might be. " Perhaps it might be possible to explain the diminished conduction. in the nerve fibre on a vascular basis, whereas it would be difficult to do so on the basis of direct compression of the fibre." He (1945) states that there are two features in the typical group of neld defects following traumatic lesions of the optic nerve; one, a constant feature, is an inferior altitudinal defect ; the other is general depression. In one case only of seventeen reported by this author was a " pericentral" scotoma present.
Turner (1943) , in a study of thirtythree cases, found that the visual field defects after partial injury to the optic nerve fall into two main groups, " The first in which a scotoma is the leading feature, the second in which a peripheral sector defect is outstanding." In the scotomatous group there were eight cases, in three of which the scotoma was pericentral, in four paracentral, and in one caecocentral. of the right eye and in the left eye a large central scotoma which had broken through above (Fig. 11) . The discrepancy between the gross central defect in the left eye and the minimal peripheral defect in the right, so rare with pituitary adenomas, suggested the possibility of an aneurysm, in spite of the characteristic clinical features. Perabrodil was injected into the left common carotid artery. The arteriogram did not reveal an aneurysm but it showed the curve of the carotid syphon to be greatly modified (Fig. 14) . The distal curve appeared to be widely opened out and the supraclinoid portion of the artery to be higher than normal. The appearance suggested that the tumour had extended laterally inside the natural curve of the artery. It seemed that such a displacement of the internal carotid artery might possibly kink or partially obstruct the ophthalmic artery at its origin or occlude some of the minute branches which it gives off in this region. Some of these branches may be destined to supply a section of the papillo-macular bundle.
As this patient was submitted to deep radiation therapy there was no opportunity to verify the surmise by direct inspection.
Oct About the same time he noticed that his sight was becoming poor. The skin of his face was smooth and hairless. No genital deformity was noted. General examination was negative and there were no abnormal neurological signs apart fromn the visual defects. Radiographic examination showed that the dorsum sellm had been eroded and that there were slight but definite supra-and intra-sellar calcification.
Ophthalmic Examination.-The visual acuity was: right, counting fingers at 2 feet; left, 3/60 (Snellen). The right disc was normal, the left pale with clear margins and normal vessels. Perimetric examination revealed bitemporal hemianopsia for 3/330, 1/330, and 5/2000, white, with a large central scotoma on the right side and a small one on the left for these visual angles (Fig. 13) . Dec. 6, 1946 .-An operation for right frontal craniotomy was performed. When the right optic nerve was exposed it was seen to rise abruptly from the optic foramen and to pass to the temporal side. Further exposure showed that its acute elevation was due to a soft cystic tumour which also filled the pituitary fossa and appeared to overflow the left dorsal surface of the chiasma (Fig. 15) . Aspiration of 6 ml. of oily fluid allowed the right optic nerve to become relaxed and flat, and the right carotid artery which had been concealed by the displaced nerve was seen to lie on the upper aspect of the cyst. The left optic nerve was displaced laterally but was not grossly elevated. A wide opening was made in the cyst wall and a considerable amount of gelatinous tumour was removed with a curette. The tumour extended backwards under the chiasma but no attempt was made to discover its posterior limit. The Pathological report diagnosed a craniopharyngioma.
Jan. 15, 1947 .-Ophthalmic examination showed marked recovery in the fields. Both presented the appearance of moderate general depression for the larger isopters with bitemporal hemianopsia for 10/2000; red (Fig. 19) (Fig. 16) (Fig. 20) .
Oct. 28, 1937.-At operation a large left transfrontal exposure was made. The optic nerve was found running in a normal direction but both it and the internal carotid artery were elevated upwards about f cm. fl^behind the optic foramen and seemed to be riding over W<a-the surface of a tumour. The dura of the middle fossa was found to be lifted up to the level of the sphenoidal idge (Fig. 17) .
Incomplete removal of meningiomatous tissue was effected from the left middle fossa. Some tumour was scooped out from beneath the left optic nerve but at the -conclusion of the operation the nerve and vessel had not assumed normal levels. (Fig. 21) (Fig. 22) . The diagnosis was made of a lesion, probably meningioma or aneurysm in the region of the left optic foramen.
Ventriculography was performed on May 20. A few drops of fluid escaped from the right ventricle under pressure, but no more could be obtained: 20 c.cm. were removed from the left ventricle and replaced by air. The films showed the anterior part of the left ventricle to be displaced from the mid-line. There was no air in the right ventricle or in the third ventricle. At operation a right transfrontal exposure was made. A very large subarachnoid cyst had practically replaced that part of the right frontal lobe which lay in front of the pre-central sulcus. On the floor of the cyst appeared the chiasma and both optic nerves. The left optic nerve was stretched tightly over another swelling about the size of a pea (Fig. 18 ). There was a suggestion of pulsation in the swelling which was therefore taken to be an aneurysm. A blunt hook was passed along the nerve under the falciform fold and the ligament divided as far forward as the bone. The latter seemed to have been eroded. This manoeuvre released the anterior part of the nerve so that its upward convexity was not so acute. The operation relieved the headaches but did not improve vision.
Nov. 14, 1947.-The field of the right eye was unchanged. The left eye had scotoma for 1/330, breaking through, but otherwise no change (Fig. 23) .
In the cases just recorded pressure on the optic nerve or on the internal carotid artery was exerted primarily by the growth of a tumour below these structures. In the following case the pressure was exerted from above. Case 5.-A woman aged 37 years was admitted to the Richmond Hospital on Jan. 15, 1948. Eight months before admission she began to suffer from severe morning headaches. The severity of these headaches had somewhat diminished before her arrival in hospital, but as they declined the patient became euphoric, expansive, and jocular with little appreciation of her illness. Vision began to fail three months before admission. On examination there was complete anosmia but apart from the visual defects no other neurological sign. Ophthalmic examination showed visual acuity to be: right, 6/24 (Snellen); left, hand movements only. The right disc showed papillerdema of less than 1 diopter; the left disc was pale with clear margins and normal vessels.
The visual field of the right eye showed a temporal hemianopic defect for 3/330 and 1/330 white, with small macular loss for 2/2000 white, and of the left eye a large central scotoma for hand movements (Fig. 24) (Fig. 29) . General neurological examination continued to be negative.
Aug. 29.-An opening was made in the left parietal region just above the lambdoid suture for ventriculography. The bone was very vascular and the ventricular needle met with a hard tumour mass just below the cortex. At this moment the patient said that his right arm was numb, and it was noticed that his mouth was drawn to the left side and that he could not raise his left eyelid. At operation a large bone flap was turned down and the tumour, which proved to be a parasaggital meningioma (5J by 4 by 4 cm.), was completely removed.
Sept. 17.-At the ophthalmic examination the visual acuity of both eyes was 6/6 (Snellen). The right disc showed papilleedema of 3 diopters. The left disc was unchanged. The muscles of the eyes were normal. Perimetry showed enlargement of the blind spots, especially the right. The left eye had a paracentral scotoma for 2/2000, white, and temporal hemianopic defect with sparing of the fixation point for 5/2000, red (Fig. 30) .
Dec. 10.-Ophthalmic examination showed visual acuity of both eyes to be 6/6 (Snellen). The right disc showed slight blurring of the upper margin. The left disc showed very slight pallor. Perimetry showed enlargement of the blind spots, especially the right. In the left eye paracentral scotoma was more intense as shown for 5/2000 and 10/2000, white (Fig. 31) Although the following case was not verified by operation the diagnosis of an aneurysm close to the optic foramen seems to be justified.
Case 7.-A man aged 49 years was admitted to the Richmond Hospital on July 5, 1947. In June 1944 he had begun to suffer from headaches which were intermittent at first but gradually became continuous. They affected chiefly the right frontal and temporal regions and appeared to have a neuralgic character. On Oct. 27, 1944, he noticed double visi,n for the first time, and examination on Nov. 1 revealed paralysis of the right external rectus muscle. Visual acuity was: right eye, 6/5; left eye, 6/5 (Snellen). There was retinal arteriosclerosis. Discs and corneal sensation were normal. There was no intracranial bruit. Neurological examination was negative except for the sixth nerve palsy. Blood pressure was 180/110 mm. Hg. Neither general medical nor radiographic examination revealed any abnormality, and the optic foramina were normal in appearance. Compression of the right common carotid artery was found to relieve the pain in the right temporal and frontal regions.
Nov. 15.-A partial paralysis of the right third nerve was discovered in addition to that of the sixth nerve already noted. There was subjective anmsthesia of the right frontal region and a definite lowering of corneal sensation on that side. Ophthalmic examination revealed that the visual acuity of the right eye had diminished to counting fingers at 1 metre. A large central scotoma breaking through downwards and inwards was revealed by confrontation test. Vision of the left eye remained at 6/5 (Snellen). Arteriography was suggested, but the patient preferred to await developments.
Feb. 21, 1945.-At the ophthalmic examination the right eye had partial third nerve palsy; the pupil was slightly dilated and reacted sluggishly to direct illumination; the disc was somewhat pale with clear margins: visual acuity 3/60, and central scotoma breaking through downwards and inwards. The left eye was normal (Fig. 32) .
April 14, 1946.-At ophthalmic examination the third nerve palsy had completely disappeared and corneal sensation was normal. Visual acuity of right eye was 6/9 (Snellen), and the visual field showed a scotoma involving the caco-central region but sparing the macula (Fig. 33) .
The patient was able to continue his work until July 1947, when he returned because the headaches had increased in severity. On (Fig. 34) .
The right disc was pale with clear margins and connective tissue on the surface. The left showed slight cedema of the margins. In both retine the arteriosclerotic appearances had become more marked. The blood pressure at this time was 205/140 mm. Hg.
Comment.-The history of this patient suggests that he had an aneurysm inside the cavernous sinus and that it extended sufficiently upwards to implicate the right optic nerve. Presumably thrombosis occurred and a spontaneous cure was the result. Ligature of the carotid artery was probably unnecessary though justified by the arteriogram. Saccular aneurysms of the internal carotid artery inside the anterior part of the cavernous sinus do not appear to interfere with the optic nerve or its blood supply so long as they remain strictly intracavernous. Jefferson (1938) reported seven such cases in each of which vision was unimpaired.
Discussion
Ophthalmologists have shown an increasing tendency to attribute visual defects to interference with the blood supply rather than to direct pressure on the nerve fibres. It is difficult however to envisage a lesion which would press sufficiently on the blood vessels on the surface of the optic nerve without at the same time pressing on the nerve fibres. On the other hand any effective pressure on the nerve must affect the vessels. The possibility of obstruction to the vessels before they reach the nerve is examined in this paper.
There appears to be general agreement that the tumour which raises or depresses the optic nerve close to the optic foramen is particularly liable to be associated with a central scotoma. It has been pointed out above that a tumour in this situation which either presses the optic nerve downwards or pushes the internal carotid artery upwards might kink or obstruct the ophthalmic artery or its intracranial branches. In this way the blood supply of a segment of the macular bundle might be impaired. The blood supply of the intracranial and intracanalicular portions of the bundle is said to be poor when compared with that of the rest of the optic nerve, and this relative poverty has been evoked to explain the alleged vulnerability of the macular fibres.
The hypothesis of hypersensitivity to pressure of the papillo-macular bundle fails to explain why demonstrable pressure on the nerve should in one case produce a purely peripheral defect and in another a defect of a purely central type, nor does it explain why the site and direction of pressure seem to be significant.
On the hypothesis of vascular obstruction the presence or absence of a central scotoma would depend on whether or not a particular vessel or group of vessels were involved. An obstruction to blood vessels has not been demonstrated at operation nor has it been shown by arteriography. As the shadow of the ophthalmic artery fails to appear in many good arteriograms its absence cannot be taken to imply obstruction to that vessel. When the internal carotid artery is occluded proximal to its ophthalmic branch the effect on vision varies with the nature of the occlusion. In spontaneous closure due to thrombosis vision in the corresponding eye is lost, whereas surgical ligation leaves vision unaffected (Walsh and King, 1942) . The ophthalmic artery itself has been ligatured in cases of carotid-cavernous aneurysm without producing any visual defects. No opinion can be offered on the effect of partial obstruction to the ophthalmic artery. Lillie and Adson (1934) reported two cases of callus formation in the optic canal associated with a central scotoma. It is probable that whatever the pressure on the nerve itself in these cases, there was some interference with the blood flow through the vessel or through the branches arising in the canal.
Although the presence of a central scotoma directs attention to the optic nerve close to the optic foramen, exploration may not reveal any lesion in this situation. Some years ago McConnell and Mooney (1938) reported a case of subchiasmal aneurysm associated with a definite central scotoma in the right visual field and one for small red objects only in the left. At operation the optic nerves and the chiasma appeared normal in every respect. In this case some factor other than direct pressure must have been concerned in the production of the central scotoma.
Appearances at operation in the majority of cases cannot but suggest that the obvious pressure on the nerve is related to the scotomatous defect,
